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SUMMARY

An investigation was made in the NACA twn-dimensional
low-turbulence pressure tunnel to determine the aileron
effectiveness of 0.20-alrfoll-chord plain ailerons of
true aiqfoil contour on the NACA 652-4.15, 65 -418, and
654-&l ailrfoil sections. 2The aileron effec Iveness

parameter (change in sectian angle of attack with aileron
deflection at constant lift coefficient) decreased very
slightly tith an increase in airfoil thickness from 15 per-
cent to 21 percent. At higher deflections of the ailerons
md higher section angles of attack, the increment of
section lift coefficient due to aileron def’lectlon was
more appreciably reduced with an increase of airfoil
thichess than was the aileron effectiveness parameter.
The slope of the airfoil section lift curve CL= ‘aa
substantially the same for the three airfotls tested.

INTRODUCTION

The use of low-drag airfoils has led to increased
-wing-tip :thickness ratios for Me purpose of improving
the aerodynamic characteristics of the wing. Without
causing much increase in drag; these larger tip thick-
ness ratios of low-drag wings increase the low-drag
range, improve stalling characteristics, and decrease a
shift in span lo-addistribution when compressibility
conditions are encountered. This trend toward the use
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of thicker outboard low-drag airfoil sectlona has led to
the desirability of seourlng data regarding the effects
of thick airfoils on aileron effectiveness.

The purpose of this investigation was to detemlne
the aileron effectiveness of 0.20-airfoil-chord plain
ailerons of true atrfoil contour on the NACA 652-415,
655-lp8, and 654-IL?l low-drag airfoil sections. - Tests

have been made In the NACA two-dimensional low-turbulence
pressu~ tunnel at a Reynolds number of approximately

6XI0 and a Hach number less than 0.13. Lift measure-
ments were made at aileron deflections through an approxi-
mate range from -20° to 20°.

SYMBOLS AND COIWJ?ICIEINTS

The symbols snd coefficients used in the presenta-
tion of results areas follows:

a. airfoil sectlan angle of attack .
..:

cl. airfoil section lift coefficient

c airfoil chord

v Reynolds number

Acl Cl with aileron down minus cl with aileron up

6a aileron deflection with respect to airfoil

(measured at a. = 0°)

(measured at 6a = 0° )

(bao/b6gt)cz aileron effectiveness parameter
~z6#za~

DI?SCRIPTTON OF MODELS AND TEST METHODS “.

The three models, of 2b-inch chord, were constructed
at the Langley Memorial Aeronautical Laboratory snd had
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NACA ~5.2-~5, 653+18, .@i65@21 *rfOtl sfmtion~; the. . . .. . ... .. . . . . .
ordinatesof these aimfoll sections are--pr&s&nt”ed”~n
tables J to 1111 The’models were constmcted.of I“tinated
mahogany, painted.with lacquer primer surfacer and sanded
smooth, snd were”equipped with 0.20c plain.. ailero~ of
true airfoil contour made of solid dural to minimize sP~-
wise.deflections of tk aileron under load. The aileron
gaps were sealed with modeling clay for.all tests.
Drawings of the ail”erons are presented In figure. 1.

The modtils”spanned tha rectang@r “teat section, and
secfion lift coefffcl ents were obta.lned with a manometer
arrangement that Integrated the lift”;reaction of the
model on the floor and the ceiling of the wind t~nel.
Section lift coefficients and angles of attack were
corrected for tunnel-wall effects according to the
following formulas:”

ao = (1 + Y) aof

airfoil sectio”nlift coefflc.ient measured in tunnel

airfoil section angle of”attack with respect to
free-stream tunnel air ,

factor dependent on airfoil shape
.,.

factor dependent on ratio of alrfoll chord to
tunnel height

factor allowing for interference of model on
static-plate pressure; dependent on size and
location of model

..
The ‘values of 1 - 2p(y+. CJ)- y were 0i975, 0.973,

and 0.971 f,orthe NACA 652-415, 653-Q8, .wi 654-&l air-

foil sqctions, respectively. The quantity 1 +“y was
equal to 1.015 for all three airfoils.
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RESULTS AND DISCUSSIO~ .

Plain- alrfoll section characteristics of the three
airfoils tested are given In reference 1. The section
lift coefflci.ents presented herein may differ slightly
from those in reference 1 as a result of improved cor~
rection factors used for the present calculations.

Aileron effectiveness is measured by.the change in
section angle of attack per unit aileron deflection at
a constant cl. The value of this parameter varies
with aileron deflection and usually becomes smaller with
larger deflections. As the aileron deflection is decreased,
the effectiveness a preaches. a limiting value equal to

r
C25 ta or (da.$ ba)cts which is used herein for

a
purposes of’comparison.

Lift characteristics of the airfoil sections tested
are presented In figures 2 to ~ for several aileron
deflections approx~mutely from -20°.to 20°. The varia-
tions of cl # CIUJ ~d (~ao/~5a)c~ wtth ~rfof~

6.
thiclmess are=presented in figure 5. The value of Cla

for the three airfotls tested remained substantially -
constant; the values ranged from 0.112 for the l~-percent-
thick airfoil to 0.111 for the 21rpercent-thick airfoil.
The value cf (~ao/a6a)c, decreased. very slightly from

(?.479 for the ls-percent~thick airfoil to 0.466 for the
21-percent-thick airfoil. The average value of
(bao/b6a)c; for the three airfoils tested is approxi-

mately 86 fercent of the value Fredicted from thin-airfoil
theory (reference 3) and is 5 percent greater than the
value obtained on the NACA 0009 alrfoll as presented in
reference 2 (also shown in fig. 5).

A more pronounced effect of aififoilthickness on
,, aileron effectiveness occurs at the higher aileron..

deflections and section angles”o.f a~t~ck at which the
air flow over the aileron has se~arated. At the higher
section angles of attack, “the increment of section lift
coefficient due to tatal aileron deflections of *10°,
i15°, and *2C~ decreases with an increase of airfoil
thickness as shown by the curves of Act plotted against
a. itifigures 6 to 3. For a total aileron deflection
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of t15° at a section angle of attabk of 12° (fig- ?)J
,.. ~tie. .362

‘“-available“for the 15-, 18-, and 21-percent-
thtck airfoils is about 56.3, 50c3~and 4.4-5 J?ercents. ,
respectively, of the theoretical value. of Ac,. The -

theorpti.c?lvalue of Act was calculated by ~shg
thin-airfoil values of 2Tr/7.3 for the lift-curve
slope 2Oza and 0.55 for -( ao/b6a)c, obtained from

u
reference. 3.”

..

CONCLUDING REMARKS

The aileron effectiveness parameter (change In
section sngle of attack with aileron deflection at
constant lift coefficient! decreased very slightly with
an increase in airfoil thickness from 1

?
percent to

21 percent for the FACA 652-415, 65z-l@. , and
L

65h-L21 airfoil sections. At hlghe~ deflections of the

0.20-airfoil-chord ailerons and higher section angles of
attack, the increment of section lift coefficient due to
aileron deflection was more appreciably reduced with an
increase of airfoil thickness than was the aileron effec-
tiveness parameter. The slope of the airfoil section
lift curve cz- was substantially the same for the three

airfoils teste$.

Langley Memorial Aeronautical Laboratory
National Advtsory Committee for Aeronautics

Langley Meld, Va.
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TABLE I.- NACA 652-415 AIRFOIL

Btattons and ordinates given
in percent of airfoil chord]

Upper surface Lower surface

Station Ordinate Station Ordinate

o 0 0
.312 1.216 0.688 -1.Q16
.541 1.) 81

J
.?
13

-1.201
1.017 1. ~3 3 -1.465

2.577
~::;+

~:769 -1.933

i
.865 I 5. 03

i!
-2.601

7; ;:$ ● 7’)5

? I
7. 16 -3.099

n
; ~~ 10.31s - .507

1.4.6c?
z

15.30” {4
1~ ● 72

z
. 8(;7 I

I
20.27

$
:4: Q

211. :6
i

~ ● ~g 25.23 -4.967
2.

z
30.1 3

2
-5,202

3dg$
k

9: 53

if?
?

5. I 6 -5*333
9. 37 0.0 7

?
-5*353

.953 9.6~7 )J5.C .7 - .257
50.000 9.3’/1 50. coo i’

z
5 ● 043 8.908 5J1.9~: :4: ;2 i
0,079 8.25

65.106 d 22 z
-399?

ii
: g~ -3.33 i!

7C’, 12h :5 : 69.8 6

z
1

-2.652
5.131

ii Z
-1.9 0

0.126 :7 $ :7C z
85.109 3. 32G .891 -::22ii
90,080 : “ ;;$ w. 920 - ● 107
95.040 &~960 .207

100 0“ o

L.E. radius: 1.505
Slope of radius thrdugh L.E.: “0:168 “

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TA%fi II.- NACI 653-418 AIRFOIL

[Stations and ordinates gtven
in peroent of airfoil chord]

8

Upper surface

Station

o
,278
.503

z ● ~~:

~.~639
7.123

?
. 61Q

1 ..636
19,671
21$,‘(~:
2.
i/6302
9.88 1

ilk .9 3
50::0:

25 51
6;:%
70 ● 146

ii
5.14
0.1 7

85.127
90.0 2

$95.0 6
100

I

Ordinate

o
1.418
1.729
2.2C

7
.10 ?

!.481

n
66

: 78

Ii
7.9 2
9.0 1
9.91
10.5 k
10.9?4
11.140
11.091
10.77
10.19k

3
.408

1
4?!:3
.183

$.y~

2:350
1,120
0

Lower surface

Station

o

5
7

10
15
20

.722

.997

ii
27

: 19

?
61

:7
i.3 1

●364
.32

?.28.
.232
. 1’/
,11 z
.057
.000
● 949

8
06

:874

%&!
:853
● 87

.90 3
9954

Ordinate

-!?.218
-1.

%
9

-1.7 1
-2.360
-3.217
- .870
IL-, 10

-5.250
: :;77

?
66$8

16:82
-6.85 k
-6.711
-6. 62

3-5. 18
- ●ld+

?4
y13: 0

-2. 03
-1-743

k
-.9 6
-.2 2
. .l~
o

L.E. radius: 1.96
Slope of radius through L.E.: 0.168

NA~ONAL ADVISORY
COMMITTEE I@R AERONAUTICS
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TABLE III. - NACA 654-421 AIRFOIL

[Stations -d ordinates” glwen
in peroent of’alrfoi.1chord]

9

.

Upper surfqoe Lower surface

Statlon Ordinate Station Ordinate

o 0 0
246
:Jb8

1.609
● 754

l!
“7. 09

0
i &

:.og2 -1. 70
~.~3

i n
-2.0 4

2: 6 2
4:533

3:~;7 -2.
i

3

n
5.41

II i
-0 15

7.062 .32 79
?;

- .632
9.55

z
7.362 10.

z
14. 7 ‘a.o~l

3 : :;;$
15.424 2

1.
t

16 10.300 20.384
2 .668

-7.116
1~.267 ;~ . ;?: - .687

2 .729
z

11. 7’2

k

1“ .084
31: 26

i
12. 3 ~5:204 -8.313

R?
12. .C 40.1

45 0??
&&6

993 12.549
50. Goo 12.14

%:%
z

~o:ooo -7:733
11.45
10. 25

z

549 41 - ::J$

ii?
z. 92 - z

65.1 -
ka 8

. 70 ■ 855
i

- .290
70.1 .157 6 .832

H
~.1 5 6.802 ?

- .269
~ A& -3.222

C.1 7
85.143

5.3C1
Q

-2.1 7
39937 .857

90.103
1-1.2 5

2.511 8.87
??

-m
95.051 1.176 9999 %3.0

100 0 100 0

L.lz. radius: 2.50
Slope of radius through L.E. : 0.168

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 1.- Sealed.gaP 0.=% plnln ailerons of tmc airfoil contour on
~A~ 5z+M, 653-418, PC? 654-421 airfoil Bectiona.
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Figure 2.- Lift charaoterlstlcs of an MACA 652-US airfoil ●action equlppaa
with sealed-gap 0.20c plain aileron of true airfoil contour; R, 6 x 106
(approx. ); teet, TDT 605.
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Figure 3.. Lift characteristics of an lLtCA.653-418 airfoil seotion equipped.
with eealed-gap 0.20c plaln aileron of tme airfoil contour; R. 6 x.106
(approx. ); test, TDT 629.
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Figure 4- Lift charaoterlatios of au KACA 654-421 air’foil aectlon equipped
with sealed-gap 0.20c plain aileron of true alrfoll oontour; R, 6 x 106
(approx. ); test, TDT 615.
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0 ~ACA652-415

+ NACA6534+18

Fig. 5
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Alrfoll thickness, percent chord
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J!!
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.1100
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Alrfoll thickneaa, percent chord

-
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❑

L ‘NACA0009 (referencep)

.4

9 12 15 18 21
Alrfoll thickness, percent chord

Figure 5.- Varlatlon of
GO..o: (a)s&o-

()da. with alrfoll thickness for ~ACA652-415,
qc

L
653-418, and 654-421 airfoil nectlons equipped with

sealed-gap 0.20c plaln allerone of true airfoil

contour; R, 6 x 106 (approx. ).
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Figure 6.- Variation of Aol with a. for HAGA 652-415,

653-418, and 654-421 airfoil sectlone equipped with

sealed-gap 0.200 dplaln allerona of true airfoil

contour; R, 6 x 10 (approx.).
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Fl~re ‘7.- Variation of Ml with a. for NAOA 652-U, 653488 and
654-421airfoil aeotiona equipped with eealed-gap 00200 plBIn a~lerona

or true airfoil oontour; R, 6 x 106 (approx.).
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Figure8.-Variation of Aol with a. for lVAOA652-415, 653-418, and

654-421 alrfoll aectione equipped gith eealed-gap 0.20c plain allemns

of tme airfoil oontour; RS 6 x 10 (approx.).
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